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� , �! "� �#$� % ��	 �
&'( �)��*. SiO2+ Al2O3� ,�-�� � ���� NaOH! .� ���

� ���� /� �! 0123 45 ��	! "� 
�#6� 78 
����� ���9: ��*. ;�< NaOH =>,

?@( AB?CD< 
����� ���E &'� FG 4 M-NaOH, 4?@!< H�. �I�J( K( � 4L*. M!

.� NOP GQ( �R �� 
����5 pH 7-9.5� ��( STUL*. V� MOP �� 
����� ���E ��

	W P, Pb, Cd, Cr, MnX. �
#( YZ� FG P, Pb, Cd X8 YZ� �
#� [��\ ST]^_ CrG Mn X8 pH

` ab 7c de! �. �
� �f3^^ gh*.

Abstract − Zeolite was synthesized from coal fly ash produced by a domestic power plant and has applications in the

removal of heavy metal from waste water. Zeolite was synthesized using a hydrothermal method involving an alkaline reaction

with NaOH. The NaOH concentration and reaction times were varied in order to synthesize zeolite showing the maximum
removal efficiency of heavy metal from waste water. The synthesis conditions were optimized at the concentration of

4M-NaOH and the reaction time of 4hrs. The synthesized zeolite needed washing with HCl solution to improve the removal

efficiency of P, Pb, Cd, Cr, Mn and it was maximized at pH 7-9.5 in leaching solution of synthesized zeolite.
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��E, cd 6e 3)4�' 91D Df!" ��[1]. I*3)4�'

�� G4 /� 3g!� h iIj, k4 iIj, lm n
 o�  1

pqjk� Ur D� stuv$1w� 3x� y�zs� 3ga {

|��� }~ � ��9, �� G4 � 3g!� �` �1j� ��

�� ~LD /��� ��� sC�J� ��$� �Is�' _
8

"  Lla ��8" ��. �
!� �� ���� I* 3)4 >�

� �� D�	� ���a 6�8U �181 �z� �� / G��

�zs� 3g�� ���� ��� �� ���a �"�� XY	�.

���� v$zs, ��81 28U �1j� d�
 �m � d �

�I 1w� e3	 �+8�.

#$ %&�'� ‘92Z(� 10.6%�' ‘96Z(�� 20%, ‘99Z(�

� 42.5%� d�
�	 � !"� ��%  mP� d�
�	 60%

	¡� ¢a W�8�, £��� �¤� 
(�� d�
 1wa e3

8U7 ��[1-3].

¥ G��'� ���, 	
� � v$
 ¦§s�� 	
 D¨©a

ªm81 2� «© � �
� ¬� s­ C®¯©� "�4 ���,

	
� ¦§s� e3�' ���, NaOH �
°a 	
, �±«© ²

³�� «©� s´&	�� 1¥�� j©
 pH� �I�  � ¦§

©k, µ¶·¸© k4� ¦§ ¨*, �(bead)¹ s� C5 n� �"!

º1 �z� 'w8� »¼�[4].

;&' «©� s´&	��  � ¤	½ ¾�¨ X¿
 ¶_ �°a

	
8U NÀ�(P, Pb, Cd, Cr, Mn)�  � ¦§¨ X¿a 8Á�[4-7].

Â� ����  � Y�� ¯©a ÃÄ8"� ©ll�
 XRD,

SEM, TGA, K Å���  � l�a �Æ8Á�.

2. � �

I*3)4�' ÇÈ!� ���, lÉ� �� ~L ÊG4 �4,

st8" Ë� �4©l	 3%Y(� �la �J� _
8Á�. «©

/Ì��� NaOH(Junsei Co., G.R.), iv$ /Ì��� HCl(Junsei Co.,

G.R.)a _
8Á", NÀ� ¦§©¨a �Y81 28U ¶_ �° s

C/Ì�� Ortho Phosphate, Pb(NO3)3, Cd(Cl)2, MnCl2, Cr(NO3)3 standard

solution(Junsei Co., 1,000 mg/l)a Í�8U _
8Á�E, ¤	½ ¾�


^� �Ya 28U Ca(NO3)2, CaCl2, NH4Cl, AgCOOH, C2H5OH(Junsei

Co., G.R.), _
8Á�. 

2-1. ���� � ��

����L[ s´&	�, «©81 28U, X¿X Î¶� «©�

�, sÏ8Á�. Fig. 1� X¿X Î¶� ���Ð �Ñ ÒÓ1D L§

Ô 
^ 1 l� 3� Õ&H�, > ­Ö��� _
8Á�. 3� Õ&H�

� «© / ×ØÙ$ 
°� �� QLD Ú¡!� ¢a ²�81 2�

ÛÜÝ�� Þß8Á�. ­Ö1Q� ½(Càa 2� ½(á � ½(

Cà1D L§Ô âß �ã(TOPS Co., M/N: EAM 9203-03, 500 ml)a

	
8Á�E, ­Öa �m/01 28U QL� ¾­1, 6�8Á�.

	� o� X¿a �Æ81 2� «©yY(, Fig. 2� %ªQº�.

i v$� ���, 	
8U 1, 2, 4, 6, 10 M-NaOH ä(� 
°a

sC8U, ÓÓ� ä(�' «©½(, 100oC, «©/åa 4, 6, 12/

å �I/æ «©8Á�. Fig. 3� SiO2/Al2O3� ä(� «©/å� ;

< ç K, èé�� %ªQº�. èé�'� o	 SiO2/Al2O3� ç K

, �� ä(D êD��ë W48� �ìa �U>�í, 	� ØÙ$

(� êD� ;&' Al2O3� î�^	 êD8", SiO2� W48� �

ìa �U>" ��. 	r� c¡	 ~�%� 	�� ØbÊï ða �

©8� Al2O3� SiO2D Na+
 ­Ö8U Na−ØbÊï ða 9ñ�'

2AlO2
−a g©8", 	 jk	 SiO2� ��­Öa î��Ð g©j Q

� Si� ä(D W48" Al� ä(D êD81 �z	& òóÔ�.

Fig. 4� Na2O/Ai2O3� ç K, %ªô èé	�. SiO2/Al2O3�� ­

 � ØÙ$ 
°� ä(D êD��ë ç KD êD8� �ìa �U

>" ��. 	� o� c¡� Al+3	 AlO2
−¹õ� ­Öj Q� ��

SiO2� ��!� 
Y�' )1��� ö )8, ÷�', ØÙ$ 
°

N� î�Ô Na+	½� ¤ )8, ø¸ñ	�' N©� NaAlO2, g

©8�' %ªQ� c¡	& òóÔ�.

;&' «© s´&	��  � XRD, SEM, TGA, K Å�� na

�Y8" 	� ��a ù8U Y�� ©¡a ÃÄ8"� 8Á�.

Fig. 1. Schematic diagram of lab. scale manufacturing apparatus.
1. Agitator 4. Heating mantle
2. Reflux condenser 5. Speed controller
3. Thermometer 6. Teflon coated flask

Fig. 2. Manufacturing procedure of zeolite from coal fly ash.
���� �41� �5� 2003� 10�
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2-2. �	
� � 
�

���, i v$� � «©X¿a 8Á�. 	� ���D �@��

� ×� ØÙ$©(pH 12), ÷" �1 �z� 	, i v$8U N©

ú=� /J, 9ñ"� 81 �z	�. ����� >©l	 SiO2�

Al2O3� �©!� �", Ê^� ØÙ$À� � ØÙ$ ûÑÀ�ñ ü

CaO, Na2O, K2O, MgO na î�8" ��í 	ñ ©l N�' �<

ØÙ$ À� qñ �� �� ¤a î�8" �� CaOD ØÙ$(, ý

#��" òó8Á�. ;&' 	, st81 2� HCl, ''â þ�

>�' ¾­8Á�. 	�� ­Ö� �ö
 o	 ~�ÿ�.

CaO+2HCl→CaCl2+H2O

Ca 	½	 q�� !�' pH� �ID ~�%E, 	 pHD 7-8_	�

(x8Áa � ¾­a ��", ©ll�a � �
, Table 1� %ªQ

º�. 	 �
�' �� CaO� K�	 8.45 wt%�' 4.79 wt%� W4

8Áöa Ø � �º�.

2-3. ������� ��

¤	½ ¾�¨*(CEC)� 8&� ²³a 	
8U �Y8Á�. -l

â 5C� /J 2 ga 100 ml 
1� �� l$1� þ�, 1 N-Ca(NO3)2
�
°a Ì 20 mlD� �ö, � �� � 24/åf� Y�8Á�. ��

l$8U ¡n°a �$", 	, êÑ�� 2� �� 	 �ö, 1 N-CaCl2
�
° Ì 5 ml� 1 N-Ca(NO3)2 �
° Ì 15 ml, D� �ö 
�8

Á�. 	r� 
Ya ­�8U 3� X/8Á�. ��­Ö� ¬U8� »

� 

� Caqa st81 2�', 80% C2H5OH �
°a Ì 20 ml

þ� � ¾­� �ö, �� l$8U ¡n°a ���.


�� ¡n° N� AgCOOH, C_8U q4 	½	 �È!� »

a ��� !�	8Á�. �ö� ¤	½ ¾��� ¦§8" �� Ca 	

½a, 1 N-NH4Cl �
° 20 ml, D8U ¾­, �� l$8" �È8� C

Ïa 5� !�	8Á�. 	 
°N� Ca 	½� ¤a ICP(inductively

coupled plasma, Jallel ash, model: IRIS DUO)�Ð �Y8Á�.

2-4. ��� ����

NÀ� ¦§X¿� 250 ml �ÓÕ&H�� Ó NÀ�� standard

solutiona 1, 2, 4, 5, 6, 7, 9, 10, 11, 13, 17, 22 mg/l� Í�8Á�. �

��, 4 M-NaOH� 4/å� C5�' «©� s´&	� 0.1 ga Y

�â �^8U Í�� NÀ� 
° 100 ml� þ", 30oC�' 1/å f

� �½�CQ�' ¦§X¿a 8Á�. Â� 1 M-NaOH, 	
8U Ó

Í�
°a pH 6�� Cà8Á�E, Mn� �#�� NaOH �D/ �

)	 g1�� pH Càa 8� »" è � _
8Á�. 	�� X¿

� �
, ICP(inductively coupled plasma, Jallel ash, model: IRIS DUO

� �Y8Á�.

3. �� 	 
�

3-1. �������

-l8� 5CÔ /J, 105oC�' 5C8U N^³��Ð �lî

Fig. 3. The SiO2/Al2O3 mole ratios in according to NaOH concentration in
various synthesis time.

Fig. 4. The Na2O/Al2O3 mole ratios in according to NaOH concentra-
tion in various synthesis time.

Table 1. Compositions analysis of coal fly ash

Composition SiO2 Al2O3 Na2O CaO Fe2O3 MgO K2O L.O.I

Coal fly ash (wt%) 51.60 28.01 0.83 8.45 4.83 1.72 0.61 3.95
Coal Fly ash treated by HCl (wt%) 54.12 29.19 0.82 4.79 4.77 1.69 0.63 3.99

Table 2. The CEC of synthesis and commercial zeolites

Sample CEC

Acid Treat. Coal fly ash 130
4hr-1 M-NaOH 124
4hr-2 M-NaOH 207
4hr-4 M-NaOH 272
4hr-6 M-NaOH 261
4hr-10 M-NaOH 201
6hr-1 M-NaOH 195
6hr-2 M-NaOH 262
6hr-4 M-NaOH 257
6hr-6 M-NaOH 192
6hr-10 M-NaOH 189
12hr-1 M-NaOH 265
12hr-2 M-NaOH 262
12hr-4 M-NaOH 212
12hr-6 M-NaOH 204
12hr-10 M-NaOH 191
5A-type zeolite 250
Y-type zeolite 200
HWAHAK KONGHAK Vol. 41, No. 5, October, 2003
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���
������������
^a �8", Ca 	½a �Y8U /J 100 g� CEC(meq/100 g)�a

iÈ8Á�.

	r� ²³�� ���� NaOH� ä(, 1, 2, 4, 6, 10 M�' 4,

6, 12/å�' «©� s´&	�, ¡®
 s´&	�(5A, Y-type)�  

� ¤	½ ¾�¨*(CEC)a �Y� �
, Table 2� %ªQº�.

	 Å� %ªô �� o	 ���� CECD 30 meq/100 g	E, «©

s´&	�� 90-272 meq/100 g, ¡®
 s´&	�� 200-250 meq/

100 g Y(, %ªQº�[8]. ~Y� «©/å�' NaOH� ä(� «

©/åa �I/� �
 CEC �� 4/å�' 4 M-NaOH, 6/å�'

2 M-NaOH, 12/å�' 1 M-NaOH� «© C5�' �  �a %ª

Qº�. 	r� �ñ� 1�� X¿� µ¶·¸© k4 	½ ¾�^


( � ~�8Á�[4].

3-2. ���� ��

���� ¹õ, Ø¸�1 28U XRD(Rikaku Co., M/N: minflex)

a 	
8Á�E, l�� _ma Fig. 5� %ªQº�. Fig. 5�'� �

�� ���, %ªô èé�� /J� >©l� SiO2� Al2O3D ��

½(�' ×±!º1 �z� 2θ�	 16.6, 26.0, 26.3, 31.0, 33.0�'

 &	�(Al2Si2O13)� !�D %ª%" ��E 21.0, 26.7, 35.3, 39.4�

'� �ú(SiO2)	 >� %ª%� ¹¡a �U>" ��. Fig. 6� i v

$� ���, �J� 8U «©/åa ~Y8� 8" NaOH� ä(,

�I/0�' sC� «©s´&	��  � XRD !�, %ªô ¢	

�. 	� ¤	½ ¾�¨* X¿�
 "�m �a û � 8U Ó X¿

C5�' ¤	½¾�¨*	 D� #� C5 ü, 4 hr-4 M, 6 hr-2 M,

12 hr-1 M�' "�m �a 1	�� 8Á�. 	 èé�' �� ¤	½

¾�¨*	 D� #� C5�' «©Ô s´&	�� XRD !� ¹õ

D t� o� �ì�� %ª$�E, XRD� 2θ�	 12, 18, 21.5, 28,

33�' %�& !�D g©!º�. 	r� �C� phillipsite�' %ª

Q� XRD >+ !�� ���D phillipsite� )�!ºöa �U>"

��. 	� Suyama Yoko n[9]	 �"Ô Q

( � ~�8Á�.

Fig. 7� ��� ���� i v$� ���, Table 2� X¿ �
�Fig. 5. XRD pattren of coal fly ash.

Fig. 6. XRD pattern of synthesized zeolite in various conditions. 4 hr-4 M,
6 hr-2 M, 12 hr-1 M-NaOH (P=Phillipsite, Q=Quartz, M=Mullite.)

Fig. 7. SEM photograph of typical zeolite.
(a) Coal fly ash, (b) Aicd treated coal fly ash, (c) 4 hr-4 M-NaOH, (d) 6 hr-2 M-NaOH,�and (e) 12 hr-1 M-NaOH
���� �41� �5� 2003� 10�
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' D� #�� ¤	½ ¾�¨*a Dm /J�  � SEM(Hitachi Co.

M/N; S-2500)_ma %ªQº�. _m�'� o	 (a)� Å�	 �'r

& �$�( ¶¤a ÷" ��E, 	� Êl�	 G4��' "½�� D

±/ cenosphere� plerosphereñ	 �)!�' ~�%� c¡	&" gÓ

Ô�. (b)� ×� i� ��' Ã*!� t+ Å� �C, %ªQ" ��.

(c)� _m�'� ���% i v$� ����' %ªô �¹� �

$¡ �Y�C ¹õD ,��", -¡� ¹õD %ª%�í, 	� ×�

ØÙ$ 
°� �� SiO2D �$!�' �C�� �ID 3g!º1 �

z	�[10]. s´&	�� �CD -¡� ¹õ, %ªQ� ¢�

phillipsite� )¹�� ¹õ	�. Phillipsite� �C� -¡�� .�m

)«¹/	 018E -å�� )«81 �z� )@�� �V�� 2

3�C, �©��" �"!º�[11]. _m(d)� (e)�'( (c)�' %ª

ÿ phillipsite� ¹õ� -¡� ¹õ, �U>" ��.

���� ±l� ¯©a C_81 28U TGA(Dupont Co. M/N;

SDT 2960)l�a 8U Fig. 8� %ªQº�. l�C5�� y1D y

É!� l21�' ½(42, ¡½�' 900oC, 5½� 10oC/min�

8U l�8Á�. 	 èé�' �� k^� 6�'� o	 100-400oC

�' Ì 0.4% Y( W4D ~�%�í 	� /J N� 7î!� �8

Ê^� �l	 st!�' %ª%� W^	& òó!E, 9�'� 400-

700oC�' Ì 3%Y(� O� W^	 %ª%�í 	� /J N� ÊG

4 �4� G4� ;< W^�� òóÔ�.

Fig. 9� ���, i v$� � «©/åa 4/å�' 4 M-NaOH�

«©� s´&	�, 	
8U ½(�I� ;< k^ W4�I, %ª

ô èé	�.

èé�' 6� Å/Ô Ll ü 100-200oC��� s´&	� �� 7î

Ô �l
 ÊG4 �4D st!� óá�' Ì 4% Y(� O� W4D

~�$�E, 9� Å/Ô Ll, ü 200-600oC ��� Ì 4.5%� W4�a

%ªQ�í 	� s´&	�� �� ~Ll� ÊG4 �4� s´&	�

«©
Y�' ê§Ô Na+	 ''â ê3!� óá& gÓ!�m�. Â�

:�� Å/Ô Ll, ü 600-700oC�'� Ì 2.5% Y(� W4�a �	

�í, 	� s´&	� N� 7îÔ Na+	 ;)â ê3!� óá&" ò

óÔ�. <� Å/Ô Ll� k^ W4D %ª%� »¼�.

;&' Ó /å
 ä(�' «©� ś &	�� SBET(BET, Micrometrics

Co., M/N: ASAP 2010), �Y8U Fig. 10� %ªQº�. 	 èé�

%ªô �� o	 «©/å� ;&' NaOH� ä(D êDî� ;&

SBET�( êD8� �ìa �U>" ��. èr% ¦§^� SBET �	

��" 8U êD8� ¢� ¸·&" gÓÔ�. Table 2� ¤	½¾�

¨* �Y�' %ªô �� o	 4 hr-4 M-NaOH, 6 hr-2 M-NaOH,

12 hr-1 M-NaOH�' D� �� %ª$�9 SBET� 70-100(m2/g)� �

a %ª=�. 	� 
y�CD phillipsite� 4.2-4.5 Å, sodalite� 2.6 Å

�� «©/å
 ä(D êD8�' phillipsite�' sodalite� �CD �

8", 
y��( �8� ¢�� òóÔ�[4]. ;&' Ê
y	 3x8

U )@�� SBET� êDÔ ¢	�.

3-3. ���(P, Pb, Cd, Cr, Mn) �� 

i v$� ���� «©� s´&	�, 	
8U NÀ��  � ¦

Fig. 8. TGA curve of coal fly ash.

Fig. 9. TGA curve of synthesis zeolite at 4 hr-4 M-NaOH.

Fig. 10. SBET curve of synthesis zeolite.

Fig. 11. Removal efficiency of heavy metals using synthesis zeolite.
HWAHAK KONGHAK Vol. 41, No. 5, October, 2003
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um

he

el-

r-

p-

ater

o-

tic

-

us-
§ X¿� �
, Fig. 11� (/8Á�. èé�' �� P� ä(� ¬

á,	 ¦§^	 #�� �
, �U>" ��. èr% Pb � Cd� >

ä(�'� t� ;?� NÀ� ¦§¨a �U>" ��9 "ä(� @

�ë ¦§^� V	, %ªQ" ��. Pb� ä(D 15 mg/l 	¡�',

Cd� 5 mg/l 	¡�'� É3â ¦§^	 W48� �ìa �U>" �

�. èr% Mn
 Cr� )A ¦§	 	b��� »¼�. 	 ����

Mn
 Cr� pH 2.0ú= ü × i©ú=�' s´&	�� Å�	 ¤©

I!� ¦§¨*	 êD8E, pH 5 	¡�'� ¦§¨	 t� ~�%

� »��" Pandy n[5, 7]	 �"� Q

( ~�8Á�. 	� ��

�� «©� s´&	�� pH 8.5Y(�Ð Mn � Cr�  8U ØÙ$

(D �1 �z� ¦§	 � 	b��� »� ¢�� òóÔ�.

4. � �

�1!� ���, iv$8U NaOH 
°� �±«© ­Ö/æ s

´&	�, «©8Á�E, 	, 	
8U ¤	½¾�X¿
 NÀ� ¦

§X¿a �Æ8U �ö
 o� �Ýa "º�.

i v$� ���, 	
8U s´&	� «©/ 4 hr-4 N-NaOH,

6 hr-2 N-NaOH, 12 hr-1 N-NaOH� ¤	½¾�¨*	 D� #�8Á�

E, 	�� s´&	� �C � phillipsite� ¹õ, ÷E, 4 hr-4 N-NaOH

� C5�' «©� s´&	�D  B�� NÀ�(P, Pb, Cr)� st¨

*	 #�8� %ª$�E, NÀ� st X¿� pHD 8-10 _	�' #

�� ¦§¨a �U >º�.
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